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Abstract 
The author tests 24 women boxers’ Na+, K+- ATPase, ROS and T-AOC before the match. The results show that 
women boxers’ Na+, K+- ATPase, ROS and T-AOC (P<0.01) have a rising trend compared with control group; serum 
CK-NAC and LDH-L are high control group obviously (P<0.05, P<0.01). Explanation: women boxers’ Na+, 
K+-ATPase activity in RBC Membrane keeps high level, which has a positive role for the athletes to keep a high 
athletics ability. 
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1.  Introduction 
Reactive oxygen species (reactive oxygen species, ROS) is a kind of oxygen in the single electron 
reduction products, electronics in the failed to pass into the terminal oxidase prior to leakage of 
respiratory chain and consume about 2% oxygen generation. In vivo and in vitro studies showed that the 
increase of ROS, capable of attacking the membrane lipids and proteins, including enzymes and DNA, 
and can make the cell function deterioration. Serum total antioxidant capacity (total antioxidant capacity, 
T-AOC) is the important body of antioxidant defense system, can eliminate free radicals and reactive 
oxygen species (O-2), blocking peroxidation chain, to avoid the occurrence of lipid peroxidation and can 
remove the catalytic metal ion [1]. 
A large number of studies show that exercise, excessive free radicals can attack to the cell membrane, 
reduce the membrane fluidity and affect cell membrane Na+, K+-ATPase activity [2]. Because the body is 
in hypoxia or pathological conditions, ATP enzyme activity change a lot, so the ATP enzyme activity is 
the size of the various cell energy metabolism and function of an important indicator of whether the 
injury[3,4]. Our Women Boxing Athletes in the competition before the ROS, T-AOC and Na +, 
K+-ATPase changes were studied, so as to provide the scientific basis of Women Boxing training. 
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2. Objects and Method 
2.1 Objects 
The investigation object as part of the "Tizhijie" National Women's Boxing Championships (Shenyang) 
in the women's Boxing Athlete 24, the natural conditions are shown in table 1. Motion level: international 
level 3, national level 3, level two national 2. The control group by Shenyang Sport University 
Department of social sports in 15 female college students. 
Table 1 the general survey (M±SD) 
Group    Number    Age       Height(cm)   Weight(kg) 
Athletes     24   17.80±2.63   164.10±6.65   58.64±11.30 
Control     15   20.00±0.79   161.96±4.09   53.53±6.86 
 
2.2 Method 
2.2.1 Blood sample collection and handling 
All subjects in the quiet under fasting conditions, the median cubital vein blood sampling with 3ml of 
cold preservation for inspection. 
2.2.2 Index and analysis method 
Erythrocyte membrane N+, K+-ATPase activity determination for phosphorus method[5] (per hour per 
gram of hemoglobin in red blood cells of ATP considerable enzymatic decomposition of ATP mol 1 
inorganic phosphorus content for a ATP enzyme activity unit, to molPi/gHb/HR); Determination of the 
serum T-AOC (for colorimetric method at 37 degrees, each minute per ml of serum reaction system in the 
absorbance values for each 0.01 increase in total antioxidant capacity, as a unit, to units/ml serum); serum 
ROS determination for Colorimetric (per ml of serum at 37 degrees 1 minutes under reaction, the reaction 
system of 1mmol/H2O2 decreased L is an active oxygen units, with units/ml serum), CK-NAC, LDH-L 
rate method. The above test methods are built by Nanjing Institute of biological engineering offer. 
2.2.3 Apparatus and reagents 
HC-5710 whole blood cell analyzer (American Dan can company), RT-1904C semi automatic 
biochemical analyzer (USA); 
Na+, K+-ATP ASE, T-AOC, and ROS determination reagent kit are built by Nanjing Institute of 
biological engineering offer. 
The 2.3 data processing and statistical analysis 
All of the data using SAS 6.12 statistic analysis software to deal with statistical analysis. 
3. Results and Discussion 
3.1 Result 
3.1.1 Na+, K+-ATPase, ROS, T-AOC testing results 
From table 2 we can see 24 women boxing athletes before competition of Na+, K+-ATPase, ROS, 
T-AOC testing results were 190.20+140.59 molPi/gHb/HR, 1199.2+370.14U/ml, 32.66+7.27U/ml. And 
exercise in comparison to the control group, except Na+, K+-ATPase activity is higher, the other were 
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lower than the exercise control group, no significant difference between each index(P>0.05); and the 
normal control group, three indexes were increased, Women Boxing Athletes serum ROS very obvious 
higher than control group (P<0.01). 
Table 2 all objects Na+, K+-ATPase ǃT-AOCǃROS (M±SD) 
Group  Number   Na+,K+-ATPase    ROS       T-AOC 
(μmolPi/gHb/hr)    (U/ml)      (U/ml) 
Athletes  24     17.80±2.63    164.10±6.65  58.64±11.30 
Control   15     20.00±0.79    161.96±4.09  53.53±6.86 
Note˖*P<0.05, **P<0.01ˈ* Boxing athletes and ordinary compared to the control group 
Table 3 shows the final group of athletes of Na+, K+-ATPase, T-AOC lower than group ROS 
eliminated, significantly higher than the final group of athletes (P<0.05 ). 
Table 3 the final group and the elimination of Na+, K+-ATPase, T-AOC, ROS (M+SD) 
Group  Number   Na+,K+-ATPase      ROS        T-AOC 
(μmolPi/gHb/hr)     (U/ml)        (U/ml) 
final group 24    153.04±95.05   1375.10±136.96*  32.71±8.43 
Out group 15    233.29±206.54  1166.40±449.78   33.04±6.16 
Note˖*P<0.05,  **P<0.01   *The final group of athletes and the elimination of group of players 
3.1.2 Serum CK-NAC, LDH-L testing results 
Women Boxing Athletes before competition of serum CK-NAC (P<0.01), LDH-L significantly below 
exercise control group; each of these indicators were higher than normal control group 76.5 U / L, 32.29 
U / L, between the two groups was statistically significant (P<0.05, P<0.01 ). See Table 4 
Table 4 to all subjects of serum CK-NAC, LDH-L test results (M+SD) 
Group        Number    CK-NAC(U/L)      LDH-L(U/L) 
Athletes         24    179.83±86.35       195.56±51.28 
Exercise control  18    249.18±104.34ǻǻ       214.06±109.81 
General controls  15    103.33±40.51**         163.27±39.52* 
Note˖*P<0.05, **P<0.01ˈ* Boxing athletes and ordinary compared to the control group: ǻP<0.05, ǻǻP<0.01ˈǻBoxing 
athletes and Sports Group 
3.2 Discussion 
3.2.1 Women Boxing Athletes erythrocyte membrane Na+, K+-ATPase activity 
Na+, K+-ATPase is present in the cell membrane of a protein. It is in material transportation, energy 
conversion and transmission of information has an important role in. The body in hypoxia or pathological 
conditions, ATP enzyme activity change a lot, so the ATP enzyme activity is the size of the various cell 
energy metabolism and function of an important indicator of whether the injury[3,4]. Motor direct energy 
substance is ATP, and ATP hydrolysis rate and ATP enzyme activity level, therefore, the activity of ATP 
is the effect of muscle contraction tension and contraction rate of the important factors. 
Cell membrane Na+, K+-ATP enzyme activity and glycolytic interconnected, control effect on cell 
metabolism rate, and its activity reflects the red cell energy and metabolism status, on red blood cell 
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function and stability has important sense [8]. Erythrocyte membrane Na+, K+-ATPase function and action 
decided its activity and cellular energy metabolism are closely related. Mature red cells through the 
glycolytic energy production; the generated ATP is mainly used for the maintenance of membrane Na+, 
K+-ATPase work. Na+, K+-ATPase ATP hydrolysis in the active transport of ions, at the same time as 
glycolsis provides the necessary ADP and inorganic phosphorus. Therefore, erythrocyte membrane Na+, 
K+-ATPase activity and glycolytic activity of mutual coupling, control effect on cell metabolism rate, 
reflecting the red cell energy and metabolism status. With the in-depth study, exercise training on 
erythrocyte membrane Na+, K+-ATPase research has become the heat that scholars pay close attention, 
research has shown, athletes erythrocyte membrane Na+, K+-ATPase high activity they have higher level 
is one of the important causes of [6,7]. 
The experiment shows: Women Boxing Athletes of Na +, K+-ATPase activity was higher than that of 
the control group, the other scholars reported consistent. Boxing is a multiple action structure inside the 
variability in combination, by hitting points or defeat them winning, belongs to the intensity and quantity 
in a balanced and mental load, physiological load, load the project with intelligence. Women Boxing 
Athletes of Na+, K+-ATPase activity was higher than that of normal control group 42.79 molPi/gHb/HR 
(P>0.05), two groups of red cell Na+, K+-ATPase activity showed differences, Women Boxing Athletes 
cellular metabolic rate and energy metabolism and ordinary college students' differences. Athletes in 
competition to strengthen cell metabolism rate, in order to ensure the body during high intensity exercise 
in cell transmembrane gradient of ion concentration and energy supply. Post exercise erythrocyte Na+, 
K+-ATPase activity to maintain a high level of ability is competitive to increase the level of the external 
representation; this ability has in the long-term system of high quality training to obtain the tendency. 
Women Boxing Athletes erythrocyte membrane Na+, K+-ATPase activity maintains higher level, for the 
athletes to maintain a high level of athletic ability have positive role. In the future, it is necessary in this 
respect the thorough research and the discussion. 
The observation of the experimental group and the exercise group subjects is a system of training 
boxing athletes, sports training characteristic, two groups have homogeneity, while the experimental 
group Na+, K+-ATPase activity than the motion controls, which may be caused by the differences of 
different gender. The system of sports training is a long process, by its very nature, is in a particular 
posture and motion state, improve the body metabolism ability. From table 2-1 can see the final group of 
athletes of Na+, K+-ATPase activity below the elimination group of athletes 80.25 molPi/gHb/HR 
(P>0.05), quiet when athletes of in vivo Na+, K+-ATPase activation was reduced, in favor of stress state 
of Na+, K+-ATPase high activity, whether this is a excellent athlete energy reserves, for further study. 
3.2.2 Women Boxing Athletes serum ROS and T-AOC change characteristics 
ROS is directly and indirectly by oxygen into oxygen free radicals and their derivatives, organism for 
many metabolic processes associated with O2 (superoxide anion free radicals), OH-(hydroxyl radicals), 
HO2(lipid of superoxide anion radicals), LO (lipid and oxygen free radicals) and LOO (free radical) and 
ROS generation. Physiological circumstances ROS generation and removal of an equilibrium state, but 
when all factors to break the balance and ROS concentrations than the normal physiological limits will 
damage the deoxyribonucleic acid and collagen, destruction of tissue cells. Has been found, ROS and 
Ca2+ in vivo are involved in various cellular activities, in cell proliferation and differentiation, as a signal 
transmitter, is a variety of types of cell proliferation and differentiation in the key factor. ROS not only 
can directly activate the expression of certain genes, but also through the effect of Ca2+ on intracellular 
redistribution, increase cytoplasmic free Ca2+ concentration, thereby regulate gene expression [16]. Has 
proved, aging, cancer, arteriosclerosis, certain autoimmune diseases and ROS to oxidative damage to 
proteins related to [9]. 
Serum total antioxidant capacity, is the important body of antioxidant defense system, it can be 
suppressed and the elimination of free radicals and reactive oxygen species, so as to avoid the occurrence 
of lipid peroxidation; blocking peroxidation chain, decomposition of peroxide. Antioxidant capacity 
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including enzymatic reaction and non enzymatic system in two aspects, enzymatic system mainly for 
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT); non enzymatic 
system mainly for vitamins ( vitamin C, vitamin E, alpha, beta - gourd Bu Su etc.), amino acid[10]. 
We usually think in high intensity exercise conditions, with the partial pressure of oxygen and oxygen 
consumption increased, mitochondrial ROS production will also increase [11]. Women Boxing Athletes 
before competition of serum ROS concentration was 1199.2 370.14U/ml, very obvious higher than that of 
the common controls, high 400.9U/ml (P<0.01); and the serum T-AOC 32.66+7.27U/ml, only higher than 
the normal control group 3.31U/ml. Apparently, between the two groups compared, women boxing 
athletes body serum ROS concentration increased much higher serum T-AOC levels. The report thinks, 
strenuous exercise, the body 's ability to eliminate free radicals are not sufficient to balance exercise stress 
situations resulting from free radicals, resulting in oxidative attack and antioxidant imbalance, causes the 
movement of endogenous free radical increase, resulting in oxidative stress injury [12]. Antioxidant 
enzymes increase the degree of generally less than oxidase enhances the extent [13]. Oxidative stress in the 
elevated ROS concentration, cause oxidative stress is mainly there are two possibilities, one is high 
concentration, such as strenuous exercise; another is lowered through the antioxidant defense system of 
the antioxidant function and cause oxidative stress[14]. Strengthening the training of the athlete’s body 
produces a large number of free radicals and peroxides consumed antioxidant substances, and serum total 
antioxidant capacity declining situation. 
Two groups of the same athletes in their serum ROS and T-AOC concentrations were similar, which 
represents the essential features of boxing. 
3.2.3 Women Boxing Athletes serum CK-NAC and LDH-L change characteristics 
Serum enzyme activity level is a reflection of tissue cell injury and body movement with different 
energy metabolism system function is an important indicator of the level of. Skeletal muscle is involved 
in the campaign of direct tissue muscles during exercise, large energy consumption, oxygen consumption, 
muscle mitochondria of heavy load, leading to free radical chain reaction. In addition, exercise muscle 
tissue relatively anoxic and anaerobic metabolism strengthen, can become the important reason for 
increased production of free radicals. Because hypoxia accelerates ATP to AMP conversion, resulting in 
increased tissue hypoxanthine. At the same time in Ca2+ in the presence of hypoxia and activation of 
xanthine oxidase, the latter acting on xanthine, hypoxanthine can make O2 into O2, thus further arouse a 
series of free radical reaction [15]. CK, LDH evaluation of athletes' skeletal muscle micro injury severity, 
functional status and exercise intensity index. 
Exercise induced elevation of serum enzymes mechanism results public opinions are divergent. 
Recently, scholars have put forward movement caused by the increase of free radicals, leading to damage 
the cell membrane, which may be the movement after the elevation of serum enzymes of the main reasons 
[16]. The Women Boxing Athletes blood CK-NAC and LDH-L test results for 179.83+86.35U/L, 
195.56+51.28U/L, were very significantly higher than that of normal control group (P<0.01, P<0.05), and 
serum ROS increased consistent. Exercise leads to muscle tissue lipid peroxidation strengthening, 
sensitive phospholipid and fatty acid first damaged, so that the membrane lipid peroxidation of 
phospholipid bilayers, interference alignment of biological membrane with a variety of enzymes of spatial 
structure, so that the enzyme gap is enlarged and degenerative changes occur, resulting in altered cell 
membrane reticular and fluid state, causing double quality fat structure of unsaturated fatty acid in 
molecular chain polymerization, the polymerization site biological membrane loss of normal function, 
producing cell membrane injury and extensive lesions, ultimately leading to cell membrane permeability 
increased, so that the enzyme is many outflow, leading to increased serum enzyme [17]. Most of the 
scholars study examined the indicators of muscle damage and oxidative stress indices were compared, 
such as the determination of muscle cell membrane damage indication (CK, LDH), simultaneous 
determination of blood and muscle oxidative stress index (MDA), and that the former and the latter, many 
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research results show that oxidative stress, exercise and sports there is a correlation between muscle 
injury [18]. 
 
4. Conclusion 
Women Boxing Athletes erythrocyte membrane Na+, K+-ATPase activity to maintain a high level of 
athletics level enhancement, is one kind of performance, this ability is the long-term system of high 
quality training for the athletes, to maintain a high level of athletic ability have positive role. 
Women Boxing Athletes serum ROS concentrations significantly higher than ordinary compared to the 
control group and serum T-AOC between the two groups similar to. Sports make the body metabolism 
strengthen, in vivo to elevated ROS concentration, and antioxidant enzymes of generally less than 
enzymes increase the extent of. 
Women Boxing Athletes blood CK-NAC and LDH-L and serum ROS increased consistent, motion 
causes the increase of free radicals, leading to damage the cell membrane, which may be the movement 
after the elevation of serum enzymes of the main reason. 
Reference 
[1]  Yang Jie, Gao Fei. The Research of The ROS and The Apoptosis [J]. Foreign Medical Sciences Cancer Section, 2002, 29 
(4) : 248 
[2]  Li Lei, Feng Meiyun, Zhang Ying, Feng Weiquan. Effects of Traditional Chinese Medicine for Anti-fatigue and Treadmill 
Training on Anti-oxidase Activity and Na+, K+-ATPase Activities in Erythrocytes of Rats [J].  Journal of Beijing Sport University, 
2000, 23 (3) : 326-329 
[3]  Zhang Yilong, Chen Jigen. Effects of Taurine on Free Radicals Metabolism, Membrane Fluidity and Calcium Transfer 
after Chronic Exercise in Rats [J]. Chinese Journal of Sports Medicine, 1999, 18 : 17-21 
[4]  Xu Yulin. Influnce of Interval and Lasting Training on Myosin ATPase Activity in Rat Myocardium [J]. Chinese Journal 
of Sports Medicine, 1999, 18 (1) : 66-67 
[5]  Zhang Nanyang. The Determination of Nanogram for The Modified Erythrocyte ATP-ase [J]. Chinese Journal of Sports 
Medicine, 1989, 8 (3) : 155 
[6]  Carsten Juel et al. Exercise-induced translocation of Na+-K+ pump subunits to the plasma membrane in human skeletal 
muscle[J]. Am J Physiol Regulatory Integrative Comp Physiol,  2000, 278 : 1107-1110 
[7]  H. GREEN, A. DAHLY et al. Serial effects of high-resistance and prolonged endurance training on Na+-K+ pump 
concentration and enzymatic activities in human vastus lateralis[J]. Acta Physiol Scand., 1999, 165 : 177-184 
[8]  Tang Qinhua, Xu Xiaoqin. The Colorimetry of Plasma glutathione peroxidase [J].  Chinese Journal of Clinical Laboratory 
Science,  1993, 17 
[9]  Li Peifeng, Fang Yunzhong. The Damage Effect of The ROS to Protein [J]. Chemistry of Life, 1994, 144 (6) : 1-3 
[10]  Qin Shizhen, Yu Qifu, Ma Guixi, Zhou Zheng, Hao Weiwei, Li Minggao. Effect of Combined Stress on Plasma 
CuZn-SOD and Erythrocyte Membrane T AOC in Pilots during Low Altitude Flight in Summer[J]. Space Medicine & Medical 
Engineering-Academic work, 2000, 13 (3) 
[11]  Wang Pingyuan, Gao Li, Xu Haowen. Approachment of ROS in the Mitochondria during Exercise and Aging[J].  Journal 
of Shandong Institute of Physical Education and Sports, 2003, 19 (2) : 36-39 
[12]  Huang Bin. Exercises,Oxidative Stress and Body Antioxidant Capacity [J]. Journal of Hubei Sports Science, 2001, 20 (3) : 
61-63 
[13]  Powers.S, Cris well J, et al. Influence of exercise and fiber type on antioxidant enzy in rat skeletal muscle. Am J physiol, 
1994, 266 : 262-266 
[14]  Cheng Shi, Ding Haiqin. The Glutathione and Antioxidant [J]. Progress in Physiological Sciences, 2002, 33 (1) : 85-90 
 Hua Ding and Bin Zhao /  Energy Procedia  17 ( 2012 )  671 – 677 677
 
[15]  Liu Hongzhen, Yan Lixia. The Change Of Free Radical Metabolism And Anti-OxigenIzed Enzymes Of Skelatal 
Muscletissues Before And After Aerobic Exercise [J]. Journal of Qufu Normal University. 1999, 25 (1) : 110-112 
 [16] Guo Lin, Qu Mingxiang, Cao Jianmin. An Analysis of Correlation between Serum Enzyme Increasing with Free Radical 
Metabolism Variation Cased by Exercise [J]. China Sport Science and Technology, 2000, 36 (3) : 38-39 
[17]  Nie Jinlei, Zhang Yong. NEW ADVANCES IN STUDIES ON EXERCISE AND FREE RADICALS [J]. Journal of 
Tianjin University of Sport, 2001, 16 (2) : 32-34. 
[18]  Kang Jiuhong, Chen Fuyu, Zheng Rongliang. The ROS Regulated cell proliferation and differentiation [J]. Radical 
Advances in Life Sciences, 1997, (5) : 84-86 
 
